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OT04 Rec'd PCT/PTO 2 A SEP 
COMPOUND SEMICONDUCTOR THIN-LAYER SOLAR CELL ^ 

AND METHOD OF FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to a compound semiconductor thih-fllm solar 
cell having an n-type buffer layer for heterojunctlon with a light absorbing layer and a 
method of fabricating the same compound semiconductor thin-film solar cell. 

[0002] Fig. 1 shows a basic structure of a thin-film solar cell produced from a 
general compound semiconductor, which comprises a SLG (soda lime glass) substrate 
1 on which a back molybdenum (Mo) electrode layer (positive electrode) 2, a p-type 
light absorbing layer 5, an n-type heterojunctlon buffer layer 6 and a transparent 
electrode layer (negative electrode) 7 are subsequently formed in the described order. 

[0003] In the thin-film compound semiconductor solar cell, the light absorbing 
layer 4 is made in the form of a GIGS (Copper-Indium-Gallium-Selenium) thin film made 
of Cu (In+Ga) Se2 of I-III-VI2 group based on Cu, (In, Ga), Se, which possesses high 
power conversion efficiency exceeding 18%. 

[0004] US Patent No. 4611091 discloses a method of forming a heterojunctlon 
buffer layer most suited to a light absorbing layer of CIS by chemically growing a thin 
film of CdS representing a compound semiconductor of ll-VI group from a solution. 

[0005] Japanese Laying-Open Patent Publication No. H-8~330614 describes a 
heterojunctlon buffer layer of Zn which does not contain harmful metal such as cadmium 
and possesses high power conversion efficiency. 

[0006] The above-described conventional compound thin film solar cells involve 
such a common problem that a defect easily occur in the junction between a p-type 
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semiconductor light absorbing layer and an n-type semiconductor buffer layer because 
two layers quite differ from each other by their chemical compositions. 

[0007] While the light absorbing layer is dipped in the solution, two processes of 
diffusing Zn element into the light absorbing layer and fomiing a ZnS film concurrently 
take place, which may easily cause variations in power conversion efficiency of the 
product from the crystallinity and surface conditions of the light absorbing layer. 

[0008] To obtain a heterojunction suitable to the light absorbing layer of CIGS 
thin film, a buffer layer of InS (InS, InO, InOH) is formed by a CBD method that has 
been developed to attain the uniformity of composition and reproducibility of the product 
(see reference "Solar Energy Materials & Solar Cells" 69. 2001, pp. 131-137). 

[0009] However, the fomnation of a buffer layer of InS group by the Chemical 
Bath Deposition (CBD) method for fomiing a heterojunction suited to the light absorbing 
layer of CIGS thin film still involves a problem that the buffer layer of InS has a small 
band gap and generally is hard to pass light of short wavelengths. Namely, it cannot 
result in high Jsc. 

SUMMARY OF THE INVENTION 
[0010] Accordingly, an object of the present invention is to provide a method of 
fabricating a solar cell having an n-type buffer layer providing a heterojunction with a 
light absorbing layer fomned on a back electrode, wherein the buffer layer is fomied by 
CBD (Chemical Bath Deposition) process using a aqueous solution for dipping the light 
absorbing layer in such a way that particles can be deposited on the light absorbing 
layer to fomi a buffer layer of InS, which has a grain structure improved to pass even 
light of short wavelengths. The CBD process according to the present invention 
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specifically increases sizes of particles to be deposited by increasing temperature of the 
aqueous solution. 

[0011] Another object of the present invention is to provide a method of 
fabricating a solar cell having an n-type buffer layer formed for providing a 
heterojunctlon with a light absorbing layer fomned on a back electrode, wherein the 
buffer layer is formed by CBD of particles of n-type semiconductor material. The CBD 
process according to the present invention provides a buffer layer of n-type 
semiconductor material, which is featured by gradually or step-by-step increased sizes 
of deposited particles in the outward direction from the light absorbing layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Fig. 1 is a sectional illustration of a basic structure of a solar cell of general 
compound semiconductors. 

[0013] Fig. 2 illustrates a process of fonning a back electrode and a light 
absorbing layer on a substrate of soda lime glass (SLG). 

[0014] Fig. 3 illustrates a process of forming a buffer layer and a transparent 
electrode layer on a light absorbing layer. 

[0015] Fig. 4 is a graph showing temperature characteristics of aqueous solution 
when forming a buffer layer by the CBD method according to the present invention. 

[0016] Fig. 5 is a sectional illustration of forming by CBD a buffer layer of InS 
particles on a light absorbing layer. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0017] In Figs. 2 and 3, there is shown a process of fabricating a compound 
semiconductor thin-film solar cell. 
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[0018] As shown in Fig. 2, a molybdenum (Mo) electrode layer 2 serving as a 
back electrode is first formed by sputtering on a SLG (soda lime glass) substrate 1. 
Next, an indium (In) layer 32 is fomned on the back electrode layer 2 by the first 
sputtering process SPT-1 using a single In target T1 and a copper-gallium (Cu-Ga) alloy 
layer 31 is fonned thereon by the second sputtering process SPT-2 using a Cu-Ga alloy 
target T2 to form a laminated metal precursor 3 composed of the In layer 32 and the 
Cu-Ga alloy layer 31 . The precursor 3 is then treated by heat (by the heat treatment 
process HEAT) in the atmosphere of selenium (Se) to form a thin film light absorbing 
layer 5 of CIGS. 

[0019] As described above, a laminated precursor 3 is fabricated by forming first 
an In layer 32 and then a Cu-Ga alloy layer 31 on a Mo electrode layer 2, thereby 
preventing the fomiation of an alloy of elements diffused in solid phase at a boundary 
between the precursor 3 and the Mo electrode layer 2. This can also facilitate In 
component to sufficiently diffuse in the precursor on the side of the Mo electrode layer 2 
in the process of selenizing the laminated precursor 3 by heating in the selenium 
atmosphere, simultaneously preventing slowly diffusing elements Ga from segregating 
at the boundary of the Mo electrode layer 2 and fonning thereat a different alloy layer of 
Cu-Ga-Se which is inferior in its crystal stmcture. The CIGS light absorbing layer 5 thus 
fabricated can possess high quality P-type semiconductor structure featured by the 
homogeneous crystal stmcture of Cu (In+Ga) Se2. The light absorbing layer 5 can be 
featured by high performance and high strength of adhesion between the Mo electrode 
layer 2 and the light absorbing layer 5 and is free from the formation of a strange layer 
(Cu-Ga-Se layer) having an inferior crystal structure and possessing conductivity. 
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Consequently, a solar cell fabricated based on the thus fabricated light absorbing layer 
can possess high strength and is free from leakage from/to other cells when it is used in 
practice. 

[0020] On the p-type light absorbing layer 5, as shown in Fig. 3, there is then 
formed a n-type buffer layer 6 for providing a heterojunction with the p-type layer 5 and 
a transparent electrode layer 7 of ZnS is further formed by sputtering on the buffer layer 
6, as shown in Fig. 3. 

[0021] According to the present invention, the buffer layer 6 of InS is fomned by 
wet chemical bath deposition (CBD) using an aqueous solution of indium chloride and 
thioacetamide. In practice, the aqueous solution is prepared as a 1:1 mixture of two 
solutions: 0.01 M/1 of indium-3-chloride-4-hydrate (lnC113 • 4H20) and 0.30M/1 of 
thioacetamide (CH3CSNH2). 

[0022] The buffer layer 6 is formed by CBD using the above-prepared aqueous 
solution according to the following process shown in Fig. 4. 

[0023] In the first step, the surface of the light absorbing layer 5 is dipped in the 
aqueous solution at a room temperature T1 (°C) for a preset time t1 (5-10 minutes) 
while stirring the solution. Stirring of the solution is continued until the buffer layer 6 is 
completely formed. 

[0024] In the second step, the temperature of the solution is increased to a preset 
value T2 (about SO^'C) for a preset time t2 (about 10 minutes) while the surface of the 
light absorbing layer is kept as dipped in the solution. 

[0025] In the third step, the dipping of the light absorbing layer in the solution 
being kept at the preset temperature T2 is continued further for a preset time t3 (about 
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40 minutes) after the solution reached the temperature 12 at the end of the second 
step. The buffer layer 6 formed on the light absorbing layer is washed with an overflow 
of pure water. 

[0026] The above-described process provides an In-layer of fine particles 
deposited by the first step, an In-layer of larger (than those deposited by the first step) 
particles deposited by the second step and an In-layer of further larger (than those 
deposited by the second step) particles deposited by the third step. 

[0027] This is explained as follows: 

[0028] The aqueous solution is an almost transparent solution which slightly 
assumes a yellow color of thioacetamide at a room temperature. 

[0029] The process of fonning the buffer layer 6 on the light absorbing layer by 
depositing particles of In with growth of colloids in the aqueous solution is as follows: 

[0030] The solution is emulsified as its temperature rises. With progress of 
chemical reaction, the emulsion gradually changes its color from deep white to yellow. 
Since InS is an orange solid in Itself, the emulsion represents that InS-crystals are 
growing in the solution. The change of color of the solution from white to yellow can be 
considered to indicate that InS particles in the solution are further growing to have larger 
sizes. 

[0031] In other words, the white colloid has particles which are smaller in size 
than the wavelength of yellow light. Yellow colloid has In-particles which are grown 
large enough to assume Its orange color by reflecting orange color light. 

[0032] The speed of changing color of the solution from white to yellow relates to 
a ratio of concentration of indium chloride to concentration of thioacetamide in the 
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aqueous solution. The color changing speed is apt to increase as the relative 
concentration of thioacetamide in the solution is lower. 

[0033] It has been found that the buffer layer can grow on the light absorbing 
layer 5 dipped in the aqueous solution during the time of heating the solution from the 
room temperature to the specified temperature but the buffer layer does not grow in the 
emulsion having reached the specified temperature. 

[0034] Accordingly, the process of steps 1 to 3 cause particles of InS to deposit 
from the solution onto the surface of the light absorbing layer by stepwise increasing 
sizes of deposits. This can create a buffer layer 6 having a structure featured by 
continuous distribution of Ins particles with stepwise increased sizes. As the result of 
this, as shown in Fig. 5, the buffer layer 6 tightly adheres to a rough surface of the light 
absorbing layer 5 with an improved coverage. 

[0035] The reason why the layer cannot grow in the emulsion is considered to be 
that large particles can have a small contact surface with the light absorbing layer 5. It 
is also considered that the deposit of small particles serves as adhesive to grow the 
buffer layer 6. 

[0036] The use of a layer of In-particles as the buffer layer 6 offers the following 
advantage: 

a) Expanding a bandgap by the effect of particle sizes; 

b) Expanding a bandgap by the effect of particle surfaces; 

c) Improvement of durability against a plasma damage; and 

d) Reduction of shunt path by the high resistance of the layer. 
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[0037] It has been considered that the use of the InS-layer in a solar cell is 
disadvantageous since InS has a small bandgap and hard to pass light of short 
wavelengths. 

[0038] The above-mentioned disadvantage can be overcome by making the layer 
composed of fine particles of InS. According to the present invention, the quality of the 
buffer layer is changed by regulating pH of the aqueous solution in steps 1 to 3. In 
practice, the aqueous solution is used at PH of 1 to 3.5 and 3.5 to 12.0 in steps 1 and 2, 
respectively, while the aqueous solution is used at pH of 3.5 to 12.0 in step 3. Thus, the 
lower side deposition of the buffer layer 6 is rich in InS by regulating the pH of the 
aqueous solution to a acidic value of a pH scale while the upper side deposition is rich 
in InOH • InO by regulating the pH of the solution to a alkaline value. 

[0039] When pH of the solution of indium chloride and thioacetamide is regulated 
to about 1-3.5, then the following chemical reaction takes place: 

2lnC13+3CH3CSNH2+6H20 ln2S3+3CH3C02+3NH4+6HC1 

[0040] When pH of the aqueous solution containing trivalent ions is regulated to 
3.4-12, then the following chemical reaction takes place: 
lnC13+3H20 < — > In (OH) 3+3HC1 

[0041] By regulating the pH value of the aqueous solution using the above- 
described chemical reactions, the quality of the buffer layer 6 can be changed. 

[0042] Consequently, it becomes possible to achieve the following optimum 
interfacial condition between the light absorbing layer 5 and the buffer layer 6 as well as 
the buffer layer 6 and the transparent electrode 7. 
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[0043] An ln2S3-rich layer obtained by regulating the pH of the solution to a value 
of the acidic side can effectively cover the top surface of the light absorbing layer 5 
achieving the junction best suited to the layer 5. 

[0044] To prevent a plasma dannage from reaching the junction surface with the 
buffer layer 6 in the process of fomiing the transparent electrode 7, it is necessary to 
increase the thickness of the buffer layer 6. However, it is disadvantageous to increase 
the thickness of the InS-rich layer because InS has a small bandgap and may 
deteriorate the optical transmittance of the layer. On the contrary, the layer rich in 
ln(0H)3 • In203, which is obtained by regulating the pH of the solution to the alkaline- 
side value, has a lager bandgap and can be used as a transparent conducting layer. 
Therefore, it is desirable to forma thicker layer rich in In (OH) 3 • In203, which can be 
free from the affection of plasma damage in the process of forming a transparent 
electrode 7 and can attain the suitable confomriity to the transparent electrode 7 and can 
attain the suitable conformity to the transparent electrode 7 without decreasing the 
optical transmittance of the buffer layer. 
Industrial Applicability 

[0045] As is apparent from the foregoing, according to the present Invention, it is 
possible to provide a method of fabricating a thin-film compound solar cell having an n- 
type buffer layer fomried therein for providing a hetero-junction with a p-type compound 
semiconductor light absorbing layer formed on a back electrode, wherein the buffer 
layer is formed by applying a chemical bath deposition (CBD) process using an 
aqueous solution for dipping the light absorbing layer to deposit particles on the surface 
thereof. In this process, the temperature of the solution is controlled from low to high to 
increase sizes of the particles to be deposited on the light absorbing layer so as to form 
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the buffer layer which possesses a high optical transmittance, tight adherence to the 
light absorbing layer and conformity with the transparent electrode formed thereon 
though it is made of InS material generally possessing a small bandgap and hard to 
pass light of short wavelengths. 

[0046] According to the present invention, it is also possible to provide a method 
of fabricating a thin-film compound solar cell having an n-type buffer layer formed 
therein for providing a hetero-ju notion with a p-type compound semiconductor light 
absorbing layer formed on a back electrode, wherein the buffer layer is formed by 
applying a chemical bath deposition (CBD) process using an aqueous solution for 
dipping the light absorbing layer to deposit particles on the surface thereof. The 
process provides a buffer layer of n-type semiconductor material, which is featured by 
gradually or step-by-step increased sizes of deposited particles in the outward direction 
from the light absorbing layer. The buffer layer thus fonned possesses a high optical 
transmittance, tight adherence to the light absorbing layer and conformity with the 
transparent electrode formed thereon though it is made of InS material generally 
possessing a small bandgap and hard to pass light of short wavelengths. 
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